The kinetics of oxidation of some substituted N,a-diphenylnitrones by N-chlorosuccinimide (NCS) to yield benzaldehyde and nitrosobenzene was studied. The reaction follows first order kinetics with respect to [NCS] and fractional order with respect to [nitrone]. The order with respect to alkali was inverse fractional order. The reaction exhibited both negative and positive Hammett reaction constants depending upon the nature of substituents. A plot of rate constant (log k) and s gave a concave downward curve. The electron releasing substituents fall on one side of curve and electron withdrawing substituents fall on another side. The activation parameters were calculated. A probable mechanism consistent with experimental observations has been proposed.
INTRODUCTION
N-Chlorosuccinimide (NCS) has been used both as oxidizing and chlorinating agent in organic chemistry [1] [2] [3] [4] [5] [6] . Several reports on the kinetics and mechanism of oxidation by NCS are available in the literature [7] [8] [9] [10] [11] [12] [13] . An exhaustive survey of literature reveals that only a few reports are available on the kinetic studies on nitrones [14] [15] [16] [17] [18] [19] [20] [21] [22] . However, the kinetics of oxidation of nitrones by NCS has not been investigated. In the present article, we report the kinetics of oxidation of some substituted nitrones by NCS in alkaline medium.
EXPERIMENTAL
N-Chlorosuccinimide was prepared by passing chlorine gas through a 50% (v/v) aqueous alcoholic solution of succinimide [23] . N,-diphenylnitrone and substituted nitrones were prepared by the literature methods [24] . AnalaR grade samples of sodium perchlorate, sodium hydroxide, succinimide and acrylonitrile were used. Triply distilled water was used throughout the course of the investigation.
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Kinetic measurements
Reactions were carried out under pseudo-first order conditions keeping an excess of the nitrones over NCS. The reaction solutions containing all constituents were equilibrated in a thermostat and the mixture was monitored for two half lives by iodometric determination of unreacted NCS. The first-order rate constants were determined and the results were reproducible within  3%.
Stoichiometry and product analysis
The stoichiometry was studied under the reaction conditions by keeping excess of NCS was kept for 24 hrs. The estimation of unreacted NCS indicated that one mole of NCS was used by one mole of nitrone.
For identifying the product, an excess of NCS was mixed with nitrone and was kept for 24 hours under kinetic conditions. After this period, the products were extracted with chloroform. The extract was evaporated to remove the solvent and the solid obtained was analysed by TLC method. The residue was purified on a silica gel eluent CCl 4 /Et 2 O. The spots of the products were developed in benzene along with the spots of authentic samples of benzaldehyde and nitrosobenzene. Two spots were obtained, products were identical with benzaldehyde and nitrosobenzene and the products were also identified by using IR [25] . 
RESULTS AND DISCUSSION
The reaction was first order in NCS as seen from the linearity of log [NCS] versus time plots in all the cases. The rate measurements with varying [nitrone] show that the order of nitrone was fractional (Tables 1  and  4 Table 3 ).
The ionic strength of the reaction solution was varied from 0.01125 to 0.0625 mol dm -3 with sodium perchlorate at fixed concentration of other reactants. The rate increases with increase in concentration of NaClO 4 ( Table 2) . The effect of the product succinimide has been studied by varying the [succinimide] at a given substrate concentration (Table 4 ). The reaction rate did not alter, indicating the absence of this compound in a pre-equilibrium to the rate limiting step.
The influence of dielectric constant () of the medium on the rate of reaction was studied in binary solvent mixtures of acetonitrile and water. With increasing acetonitrile content (decreasing ) of the medium the rate of the reaction decreased and values are summarised in Table 5 . The plot of log k obs versus ) is linear with a positive slope, indicating dipole-dipole type of reaction [26] . A free radical mechanism was ruled out due to the absence of polymerisation of acrylonitrile when added to the reaction mixture. 
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where
[S] = [nitrone]
The rate law in accordance with above mechanism is given by equation (9) [S]
equation (10) or (11) gives the combined rate law
Plot of k obs versus [S] is linear in conformity with rate law (11) Further, equation (11) 
Effect of substituents on reaction rate
The rate constants of some meta-and para-substituted N,-diphenylnitrones were measured at four different temperature. The thermodynamic parameters were evaluated and the second order rate constants (k 2 ) are listed in Table 6 . The low energy of activation and high free energy of activation (G # at 308 K) support the formation of highly solvated transition state. A large negative entropy of activation suggests the formation of composite activated complex with few degrees of freedom [26, 27] . A plot of H # versus S # gives a straight line with good correlation [27] (Figure 1 ). The value of isokinetic temperature from the plot was 297 K, which is less than the experimental temperature indicating the reaction is under entropy control. The Hammett equation applied with the usual substituent constant  values and log k 2 data on meta-and para-substituted nitrones exhibited a concave downward curve (Figure 3 ). Similar types of reactions have been reported earlier [28] [29] [30] [31] [32] [33] [34] [35] [36] . The values of + and -at different temperatures are given in Table 7 . Both electron releasing and withdrawing groups decreased the rate compared to the parent compound. The reason for the break in the Hammett plot is a change in the reaction mechanism. A change in the rate-determining step with change in the nature of the substituents and a change in the transition state.
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In this reaction kinetics, the non-linear Hammett plot, is not due to change in the reaction mechanism with respect to substituents. Because, the isokinetic plot and Exner's plot gave good correlation and the non-linear Hammett plot is only due to a change in the transition state [28, 29, 31, 32, 37 ,38].
CONCLUSION
Oxidation of nitrones by NCS were carried out in alkaline medium. The order with respect to substrate fractional order and inverse fractional order with respect to alkaline. A concave downward Hammett plot is obtained, all the substituents follow a common mechanism because of constancy of free energy of activation. The isokinetic temperature  is less than that of reaction temperature which implies that oxidation reaction is entropy controlled. All the substituents follow a common mechanism.
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